α decay occurs in both ground states and isomers of nuclei. In this work, we use the two-potential approach to systematically study whether isomeric states play a key role on α particle clustering or not. The results indicate the ratios of α decay preformation probabilities of isomers to ground states are found to be around 1.
P a in 1921, many basic knowledge about isomeric states have being obtained [1] [2] [3] [4] [5] [6] [7] [8] [9] . The nuclear decay modes depend on its energy level, spin and parity. Light isomers usually go to stability through γ decay or β decay, while some heavier ones also tend to α decay or even spontaneous fission [10] . Some α decay chains of isomeric states occur in heavy nuclei [11, 12] . The nuclear isomers in superheavy elements can be treated as steeping stones towards the island of stability [13] . However it is doubtful that whether the single nucleon excitation or multiquasiparticle states play a key role on nuclear clustering behavior.
α decay has long been a open source providing nuclear structural information, for example the nuclear shell effect, properties of ground state, energy levels and low lying states, nuclear shape coexistence and so on [14, 15] . For nuclei far away from the beta-stability line with very short life-time, α decay is one of the most powerful research tools, especially in the super-heavy element [16, 17] . In addition, experimental researches on the natural occurring long-life α decay nucleus [18] and the clock in the solar system 146 Sm are one of hot topics in the field of nuclear physics [19] .
Recently, the calculated α decay half-lives using the generalized liquid drop model, the density-dependent cluster model, the unified model for α decay and α capture and so on, can well reproduce the experimental data [20] [21] [22] [23] [24] [25] [26] . We have also preformed a systematic calculation of α decay half-lives of even-even nuclei (with the even number of protons and neutrons) using the two-potential approach considering the variations of the α particle preformation probabilities due to the nuclear shell closures [27] . In this work, we expand this model into α decay of odd-A, odd-odd nuclei from both the isomeric states and ground states. In theory, we assume that the α particle preforms in the decaying nucleus and the orders of the α particle preformation probabilities are * Corresponding author:lixiaohuaphysics@126.com related with nuclear structure. The effective α particle preformation probabilities can be extracted from the ratio of calculated α decay half-lives to experimental data. We extract the α particle preformation probabilities ratios of the isomers to the corresponding ground states to study the effect of isomeric states on the α particle preformation probability in the region of heavy and superheavy elements.
This article is organized as follows. In Section II, the theoretical framework for the calculation of the α decay half-lives is briefly described. In Section III, the systematic comparations of the α particle preformation probabilities between the isomeric and ground states are preformed, and the preformation probabilities of nuclear isomers are discussed in detail. A brief summary is given in Section IV.
II. THEORETICAL FRAMEWORK
The two-potential approach for metastable states has been widely used to calculate α decay half-lives T 1/2 , which determined by the decay constant λ. It can be written as
The decay constant λ depending on the α particle preformation probability P α , the penetration probability P , the normalized factor F , can be expressed as
Under this model the α particle assault frequency is obtained by normalizing the outgoing wave functions, while the generalized liquid drop model take it by a classical apporaximation [20] and the effective liquid drop model put it as a adjustable parameter [25] . The normalized factor F, expressing the assult frequency, can be approximated as
where r is the mass center distance between the preformed α particle and the daughter nucleus. The r 1 , r 2 and following r 3 are the classical turning points. The classical turning points satisfy the condition V (r 1 ) =
| is the wave number. µ is the reduced mass of the α particle and daughter nucleus. V (r) and Q α are the height of α-core potential and α decay energy, respectively. The penetration probability P , which is calculated by the WKB approximation [28, 29] , can be expressed as
The preformed α particle is tightly bound to the daughter nucleus in the inner region (r 1 < r < r 2 ) by the strong interaction, except it penetrates the barrier in the region (r 2 < r < r 3 ) with a very small probability and emitted from the decaying nucleus.
The potential between the preformed α particle and the daughter nucleus, including nuclear, Coulomb and centrifugal potential barrier, can be written as
where V N (r) represents nuclear potential. In this work, we choose a type of cosh for the nuclear potential [30] . It can be expressed as
where V 0 and a are the depth and diffuseness of the nuclear potential, respectively. V C (r) is the Coulomb potential and is taken as the potential of a uniformly charged sphere with sharp radius R, which can be expressed as
where Z d and Z α are proton number of the daughter nucleus and the α particle, respectively. The sharp radius R is given by
This empirical formula is commonly used to calculate α decay half-lives [31] , which is derived from the nuclear droplet model and the proximity energy. The last part, centrifugal potential can be estimated by
where l is the orbital angular momentum taken away by α particle. Most of even-even nuclei, part of odd-mass and odd-odd nuclei occurs the favored α decay with l = 0.
While the unfavored decays with l = 0 are hindered by the additional centrifugal potential. In our previous paper we have fitted the experimental α decay half-lives of 164 even-even nuclei obtaining a set of parameters, which is a = 0.5654 f m, V 0 = 189.53 M eV, P 0 = 0.7 [27] . The diffuseness a and depth V 0 of the nuclear potential within this work remain unchanged. The α particle preformation probability P α will systematically varies due to the nuclear shell effect and varies smoothly in the open-shell region [32] . The researches also depict that a smaller α particle preformation probability is required for odd-A nuclei then eveneven nuclei. So we choose the α particle preformation factor P 0 = 0.7 for even-even nuclei, P 0 = 0.24 for odd-A nuclei, P 0 = 0.08 for odd-odd nuclei by fitting the experimental half-lives.
III. RESULTS AND DISCUSSIONS
We have calculated the α decay half-lives of the nuclear isomers and the corresponding ground states, and the α particle preformation probabilities ratio of nuclear isomers to corresponding ground states. The detailed numerical results are presented in Table I , where the experimental data are taken from Ref. [10] . The first and second columns denote the α transition and the spinparity transition, respectively. Elements with upper suffix "m", "n", "p", "q" indicate assignments to excited isomeric states(with half-lives greater than 100 ns). The "()" in spin or parity means uncertain, and the values with "#" are estimated from the trends in neighboring nuclides with the same Z and N parities. The next two columns stand for the number of protons and neutrons of the parent nucleus, respectively. The fifth column l min denotes the minimal angular momentum quantum number carried out by the emitted α particle obeying the spin-parity rule. The sixth column represents the decay energy Q α in unit of MeV. The next two columns show the experimental half-lives and calculated results in unit of second, respectively. The last column P * α /P α denotes the α particle preformation probability ratios. The superscript * refer to the nuclear isomers.
The effective α particle preformation probability is defined as
The superscript exp and cal represent experimental data and calculated values, respectively. If the authentic α particle preformation probability is less than the hypothetical preformation factor P 0 , the calculated α decay half-life T cal 1/2 could be shorter than the experimental data T exp 1/2 and the effective preformation probability P α could be small. This case usually takes place near the nuclear shell closures. In conclusion, the authentic α particle preformation probability equals to the product of preformation factor P 0 and effective preformation probability P α . It is worth mention that the α transitions in odd lines only include the ground states in Table I , while the others in even lines have to contain the nuclear isomers. So the preformation proba-bility ratio P * α /P α imply the influence of isomeric states on the α particle preformation probability. The ratio is greater than 1 meaning the preformation probability increases due to the isomer, and vice versa. 0.002 Table I shows that the values of the preformation probability ratio P * α /P α vary around 1, demonstrating that there are no obvious differences in the α particle preformation probabilities between the nuclear isomers and the corresponding ground states. For most isomers of odd mass nuclei, they have low excited energy of only little hundreds kiloelectron volt above the ground states. This kind of isomer results from the single particle excitation without breaking nucleonic pairs. It is one kind of the spin trap isomers, contiguously occurring below the closed shell, as a example of below the Z=82, and N=126, where the energy levels reduce due to the spin-orbit interaction. There is also the island of isomeric states of odd-odd nuclei in this regions, which is in a similar configuration but more complex due to the proton neutron interaction. The cases of even-even nuclear isomer are 212 Po is famous for the α particle moving around the core of 208 Pb. Moreover their preformation probability ratios are all far less than 1, except the shape isomer 236m U, 238m U and 250m Fm without accurate α decay branching ratio, meaning the strong suppression of α clustering in nuclear isomers of even-even nuclei.
The favored α decay (with l=0), that the nuclear isomer decays to the isomeric state of the daughter nuclei with the same spin-parity, occurs for most odd-mass, odd-odd nuclei isomers. The determination of α decay channel depends on the length of α decay half-life. The shorter decay half-life, the larger branching ratio. The large angular momentum transfer competed with large α decay energy Q α bring about stability of the nuclei [33] . For example the 209m Ra in 13/2 + has the half-time of 117 us and the estimated α decay branching ratio of 90 % (approximate) measured in 2008 [10] . If it decays to isomeric state 205m Rn the Q α = 7.355M eV and l = 0, while if it decays to ground state 205 Rn the Q α = 8.015M eV and l = 5. The half-life T 1/2 for the first case equals to 1.15 s and reduces to 0.138 s for the second case. So the second decay channel with l = 5 dominates the α decay. Considering the coupling of this two channels the total T 1/2 = 0.123s. This is a special example that the relatively high excitation energy of 883 keV provides enough energy for the α particle to get over the additional centrifugal barrier. Many unfavored decays such as 209m Ra, 187 Bi, 254m No, 214n Ra, 216m Th, 218m U, 212m Po, 217m Pa, 214m Fr and so on, are similar. It is interesting that the unfavored α decay (with l = 0) dominates the process of decaying other than the favored decay. In addition, the numerical results of α decay partial half-life for 209m Ra are much longer than the experimental data of 130 us, meaning the α decay branching ratio may be estimated too large. The large deviations between the experimental data and calculated results may result from the uncertainty of α decay branching ratio or atomic mass or spin-parity.
As we all known, the α particle preformation probabilities of even-even nuclei are bigger than those of odd-mass and odd-odd nuclei. If the excitation of single nucleon to a higher energy level occurs, the core of the parent nuclei can be seen as an even-even nuclei. So the preformation probabilities ratios of odd-mass nuclei isomers should be larger than 1. We plot the logarithm of preformation probabilities ratio of isomers to ground states P * α /P α as a function of the number of valence neutrons (holes) N V in Figure 1 . The black squares and blue triangles represent the ratios of odd-mass nuclei and odd-odd nuclei, respectively. It can be seen that the ratios are greater than 1 for most odd-mass nuclei with valence holes (N V < 0), which indicates the weak coupling of the excited odd nucleon and the even-even core. And for other oddmass and odd-odd nuclei, the ratios varies around 1. The red circles indicate the ratios of even-even nuclei, many of which are much less than 1 meaning the strong suppression of α clustering in nuclear isomers. − is higher than 1/2 + . The α particle preformation probabilities ratio of isomers to corresponding ground states are less than 1 for most of these nuclei, meaning the suppression of α particle clustering in nuclear isomers. 
IV. SUMMARY
In summary, we use the two-potential approach to systematically study the relationship between the nuclear isomers and α particle preformation probabilities. The ratio of α particle preformation probabilities of nuclear isomers to corresponding ground states are extracted from the experimental α decay half-lives. The results indicate the ratios of preformation probabilities vary around 1 for most of isomers, and the strong suppression of α particle clustering for even-even nuclei. We also find for some isomers and ground states the unfavored α decay dominates the process of decaying.
